The classification of urothelial neoplasms of the kidney traditionally has been similar to that of urinary bladder tumors. Several years ago, the classification of papillary urothelial neoplasms was revised. The current study focuses on the application of the 1998 World Health Organization (WHO)/International Society of Urological Pathology classification system to 102 renal pelvic urothelial neoplasms and compares it to the 1973 WHO classification scheme. In this study, all tumors were classified as urothelial carcinomas, and the majority (85%) were papillary. Most patients with papillary tumors presented with 'superficial' disease (rpT1). With the 1998 system, most papillary carcinomas were high grade, and were more often invasive as compared to low-grade tumors. Only 34% were low-grade papillary tumors and, of these, most (93%) were noninvasive. With the 1973 system, most papillary tumors were grade 2 or 3, with invasion more common in grade 3 tumors. By 1973 criteria, grade 2 tumors were a heterogeneous group; with 1998 criteria, nearly one-half were high grade and the other half low grade. The grade of papillary urothelial carcinomas with both the 1973 and 1998 grading methods was associated with stage (P ¼ 0.001). Our study reveals that papillomas and papillary urothelial neoplasms of low malignant potential are uncommon tumors in the kidney. Renal pelvic papillary urothelial neoplasms are most often carcinomas and are more commonly high grade than low grade. Although both the 1973 and 1998 systems showed a significant association with tumor stage, grade 2 papillary carcinomas are a heterogeneous group by 1973 criteria. The 1998 system provides useful information in that it more clearly defines a papillary tumor's grade and selects for a group of tumors, namely low-grade papillary urothelial carcinomas, for which a low likelihood of invasion can be predicted.
Urothelial neoplasms of the kidney are, by most accounts, uncommon, accounting for approximately 4-10% of primary renal epithelial tumors and only 5% of all urothelial tumors. [1] [2] [3] [4] The accurate incidence of renal urothelial carcinomas in the United States is difficult to determine because reports of cancer statistics combine these tumors with renal cell carcinomas. 5 In certain regions of the world, and in patients with certain tubulointerstitial nephritides, the incidence of urothelial neoplasms of the renal pelvis and ureter is quite high, with renal pelvic carcinoma accounting for as much as 68% of renal tumors in some series. 4, 6 As a result of the general scarcity of these tumors, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] coupled with the even lower incidence of ureteral urothelial tumors (1% of urothelial neoplasms), 2 a large proportion of published reports incorporate tumors at both sites into single studies. There have been few analyses of renal pelvic urothelial neoplasms recently in the pathology literature.
The medical literature is replete with studies concerning bladder neoplasia, but relatively sparse regarding upper tract tumors. The scarcity of renal urothelial neoplasms and the fact that the majority of urothelial neoplasms occur in the urinary bladder have impeded analyses of upper tract tumors. Since the urothelial lining of the bladder is more readily accessible for surveillance than the urothelium of the renal pelvic/calyceal system, combined with the fact that bladder urothelial lesions are generally less radically treated at presentation, the natural behavior of urothelial neoplasms has been more thoroughly evaluated in the bladder than in the kidney. Consequently, the classification systems and grading schemes for urothelial neoplasms have been directed at the bladder. Regardless of their site of origin, however, urothelial neoplasms are virtually identical histologically. Therefore, the classification schemes for bladder urothelial neoplasms have been applied to these tumors in the kidney and along the entire urinary tract.
The classification of urothelial tumors, and in particular the classification of papillary urothelial neoplasms, has been an area of controversy. There is a lack of uniformity in definitions, reflected in the number of different classification/grading systems which have been proposed for these neoplasms. 1, [25] [26] [27] [28] [29] [30] [31] [32] [33] Until a few years ago, the 1973 World Health Organization (WHO) 27 scheme appeared to be the most widely recognized and utilized. In an attempt to provide a method of categorization that more accurately reflects a tumor's biologic behavior, and to establish greater uniformity in defining urothelial lesions, the WHO/International Society of Urological Pathology (WHO/ISUP) 32 issued a consensus statement in 1998 regarding the classification of urothelial lesions. This variance in opinion continued, however, as demonstrated by the issuance of a slightly different classification system the following year. 33 Nevertheless, the 1998 classification system is the system that can be credited with changing the manner in which urothelial neoplasms are currently classified, as reflected in the 2004 WHO system, which has adopted the 1998 WHO/ISUP system. 34 The 1998 WHO/ISUP system was applied to a series of renal urothelial neoplasms in this study, and the advantages and disadvantages of this scheme were compared to those of the 1973 WHO classification system.
Materials and methods
From the surgical pathology files, we retrieved 102 nonconsecutive total nephroureterectomies and nephron-sparing resections performed for urothelial neoplasms of the kidney at our institution from 1972 to 1997. Only cases for which all slides and/or tissue blocks were available were included in the study group. The morphologic features and pathologic stage for each tumor were evaluated by one pathologist (EMG). The type of noninvasive disease present (papillary urothelial neoplasm and urothelial carcinoma in situ) was recorded. The classification of papillary urothelial neoplasms was assessed with both the 1973 WHO and 1998 WHO/ISUP classification systems. The 1973 WHO system was modified somewhat with four tumor grade categories used (grades 1, 1-2, 2 and 3). All papillary urothelial neoplasms with low-grade cytology were reviewed by two pathologists (EMG, JET). The invasive component of the tumors was not graded because the significance of and criteria for grading invasive urothelial carcinoma are unclear. The presence of squamous, glandular and small cell/ neuroendocrine differentiation was recorded, as was the tumor growth pattern (exophytic vs endophytic). Other pathologic features documented included the presence or absence of lymphovascular and perineural invasion, tumor necrosis, an inflammatory infiltrate and lymph node metastases. Tumor stage was assessed with the 2002 American Joint Committee on Cancer staging system. 35 The size of the tumors was not recorded, as this was not documented or difficult to ascertain in a significant number of cases.
Clinical status was determined by contacting the patient's primary physician if the patient was referred from an outside institution or from documentation of recent patient office visits at our institution.
For the statistical analyses, we used Cox proportional hazards regression to model all-cause mortality. Owing to the small number of disease-specific deaths, we were unable to model disease-specific mortality. As there were so few cases of all-cause mortality, only univariate survival results are presented. In order to determine the relationship between stage and other prognostic factors, we created contingency tables and used w 2 -test to test the hypothesis of no association. Fisher's two-tailed test was used to evaluate the difference in frequency of invasion between the 1973 and 1998 grading systems. All analyses were performed using SAS Version 8.1 (SAS Institute INC., Cary, NC, USA).
Results

Clinical Findings
The study group consisted of 102 nephrouretectomies and nephron-sparing specimens from 98 patients; three patients had bilateral renal disease (one synchronous, two asynchronous). Of the 102 cases, 95 were total nephroureterectomies and seven were nephron-sparing procedures. In all, 60 men and 38 women (ratio 1.6:1) comprised the study group, and age ranged from 39 to 90 years with a mean age of 59 years. The urothelial neoplasms occurred more frequently in the left kidney (61 cases) than the right kidney (41 cases). Table 1 shows the clinical status for 74 patients (76%) for whom follow-up information was available; 24 patients were lost to follow-up. Follow-up ranged from 3 to 206 months with a mean of 53 months and a median of 43 months.
Pathologic Findings
At nephrectomy, 50 cases (49%) showed noninvasive disease only and 52 cases (51%) had invasive disease (Table 2) . A total of 70 cases (69%) demonstrated 'superficial' disease (rpT1 disease) and 32 cases (31%) were pathologic stage 2 or greater. The majority of the renal urothelial tumors (87 cases, 85%) demonstrated an exophytic papillary growth pattern at least focally; 47 cases were noninvasive tumors and 40 papillary tumors were associated with an invasive component. In all, 35 cases (34%) had partial inverted growth. A total of 10 cases (10%) showed either squamous or glandular differentiation (eight squamous, two glandular, all less than 10% of the tumor); four of these cases showed no greater than lamina propria invasion and six cases were ZpT3. No tumor showed neuroendocrine differentiation. A total of 12 patients (12%) had distant metastases, six patients (6%) had regional lymph node metastasis, and two patients (2%) developed retroperitoneal recurrence. Vascular invasion was present in 21 cases (21%) of invasive disease; a noninvasive component was identified in 19 of the 21 cases and was high grade in all cases (either urothelial carcinoma in situ or high-grade papillary urothelial carcinoma, by 1998 criteria). Table 3 shows the distribution of renal papillary urothelial neoplasms utilizing the 1973 WHO and 1998 WHO/ISUP classification schemes for papillary urothelial neoplasms. In this series, there were no papillomas or papillary urothelial neoplasms of low malignant potential (1973 WHO grade 1/3 papillary urothelial carcinoma); all exophytic urothelial tumors were classified as papillary urothelial carcinomas. With the 1998 system, a greater number of papillary tumors were classified as high grade (n ¼ 57) than low grade (n ¼ 30), while most tumors were grade 2 or 3 by 1973 criteria (Figures 1  and 2) . Table 4 provides the distribution of papillary urothelial carcinomas by grade and stage. Most patients with papillary tumors (77%) presented with low-stage disease (rpT1). Of these tumors, those that were high grade (n ¼ 37) were slightly more common than low-grade tumors (n ¼ 30) by 1998 criteria, and most were grade 2 or 3 with the older (1973) grading system. When papillary tumors with any depth of invasion were considered collectively, most were high grade, regardless of the grading system utilized (1973 grade 3 tumors and 1998 high-grade tumors). With the 1973 system, one of 10 (9%) grade 1-2 tumors, nine of 37 (24%) grade 2 tumors and 30 of 39 (77%) grade 3 tumors were invasive. With the 1998 grading method, the majority of high-grade tumors (38 of 57; 66%) were invasive, whereas, the majority of low-grade papillary urothelial carcinomas (93%) were noninvasive. The two (6%) 1998 low-grade tumors that were invasive only invaded into the lamina propria. Noteworthy, is the finding that the 1973 grade 2 category was composed of a group of heterogeneous tumors; by 1998 criteria, nearly one-half of these tumors were found to be high grade and the other half low grade.
Statistical analysis revealed that both grading systems (1973 and 1998) for papillary urothelial carcinomas showed a significant association with (Table 5) . The difference in frequency of invasion between low-grade papillary carcinomas (1998) and grades 1-2 and 2 papillary carcinomas (1973) was significant (P ¼ 0.011). Additional tumor features that correlated with stage of disease included tumor necrosis with a less significant association for the presence of an inflammatory infiltrate. Squamous and glandular differentiations were present more often in deeply invasive tumors; however, the association was not statistically significant. For invasive tumors, a comparison of pT1 disease vs ZpT2 disease revealed a significant association for vascular invasion (P ¼ 0.001) and perineural invasion (P ¼ 0.001).
Analysis of patient outcome was limited. Of the 25 patients alive with disease, 14 had metastases, six had disease in the bladder or urethra (pathology unknown), two had disease in the contralateral kidney, one had recurrence in the same kidney after partial nephrectomy and two had recurrences but the site of the disease and pathology were unknown. Performing an analysis of progression-free survival was problematic because the date of recurrence, pathology and site of recurrence (metastasis vs tumor elsewhere in the urothelial tract) was unavailable for many patients. Death due to disease 32 was documented in only six patients, therefore, making a multivariate analysis difficult. Five of the six patients had high-grade disease in the kidney, four of which were invasive, and one patient had low grade, noninvasive disease. Of the patients who died of disease, all but one had a history of and/or developed invasive bladder carcinoma, the majority of whom (four of five patients) received chemotherapy or radiotherapy for their bladder tumor, including the one patient with low-grade disease in the kidney. Therefore, the cause of death in these patients may be attributed to the bladder tumor, and the results of the statistical analysis may more reflect the behavior of urothelial neoplasms in sites other than the kidney. In the survival analysis by univariate analysis, only two features, papillary growth pattern and increasing age, showed a trend toward influencing patient outcome; those with papillary tumors appear to have a better outcome while older age portends a worse prognosis. While there was a tendency for women to have a worse prognosis than men, the difference was not found to be statistically significant. Similarly, as so few patients died of disease, stage was not found to be a significant predictor of outcome. However, determination of the hazard ratio showed that the rate of death for patients with ZpT1 disease was 1.52 times the rate of patients with noninvasive disease (0.51, 4.56; 95% confidence interval), and the rate of death for patients with ZpT2 was 2.39 times the rate of patients with rpT1 disease (0.71, 8.09; 95% confidence interval). No other pathologic feature significantly influenced survival. An assessment of tumor features that predicted metastases revealed that vascular invasion (P ¼ 0.0002) and tumor necrosis (P ¼ 0.0007) were found to be associated with the development of metastases.
Discussion
We applied the 1998 WHO/ISUP and 1973 WHO classification systems for urothelial neoplasms to a group of renal pelvic tumors and the two systems were compared and contrasted. In this series, no urothelial papillomas or papillary urothelial neoplasms of low malignant potential/grade 1 papillary urothelial carcinomas were present regardless of the classification system applied. Urothelial papilloma is a rare tumor in the bladder, and probably even less common in the upper tract. We have never encountered a urothelial papilloma in the upper tract (by nephrectomy or biopsy), and only rare reports of renal pelvic papillomas are published. 10 Some reports of papillomas in the upper urinary tract actually appear to represent papillary urothelial neoplasms of low malignant potential. 4 These latter tumors do occur in the upper tract, but may not be common; in several upper tract series, low malignant potential papillary tumors were not present or were the least common type of papillary neoplasm present. 4 Of all urothelial neoplasms of the kidney, carcinomas appear to be the most frequent, and the majority (85%) are papillary, 36 including those in this series. The prognosis of patients with these tumors has repeatedly been shown to depend on the tumor stage and grade. [9] [10] [11] [13] [14] [15] [17] [18] [19] [21] [22] [23] [24] At nephrectomy, our study group was divided nearly equally into those with noninvasive disease and those with an invasive component ( Table 2 ). Nielsen and Ostri 21 in their study of primary tumors of the renal pelvis had a slightly greater percentage (56%) of noninvasive tumors. However, unlike the majority of urothelial neoplasms of the bladder which are noninvasive at presentation, 37 many studies of renal pelvic tumors have shown that most patients present with invasion, with only a 3.5-34% incidence of noninvasive disease. 14, 15, 19, [22] [23] [24] 38, 39 In our analysis and others, 20 a significantly greater number of cases demonstrated low-stage disease than highstage disease (69% rpT1 disease vs 31% ZpT2 disease), which closely approximates the 70% of bladder tumors which are 'superficial' (pTa, pTIS, pT1) at presentation. 36, 37 In two more recent series of renal pelvic tumors, Gomez et al 38 and Olgac et al 39 also reported that a slightly greater number of tumors were low stage (rpT1) than high stage. Despite the fact that investigators have used different staging systems in their series, the stage of renal pelvic neoplasms has repeatedly been shown to be a predictor of outcome; as tumor stage increases, survival decreases. In their analyses of renal urothelial neoplasms, Guinan et al 23, 24 found 5-year survival rates of 75, 87, 54 and 19% for Ta/TIS, T1/T2, T3 and T4 disease, respectively, while 5-year survival rates of 100, 65, 34 and 0% for stages A, B, C and D, respectively, have been reported by Nocks et al.
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The newer (1998) classification/grading system reveals that the majority of renal pelvic papillary urothelial carcinomas are high grade, and demonstrates, not unexpectedly, that invasion is more common with these tumors (Tables 3 and 4) . Only 34% of renal pelvic papillary carcinomas were low grade; the majority (93%) of these tumors were noninvasive, and when invasive, infiltrated only into the lamina propria. In similar studies assessing the 1998 system for renal pelvic carcinomas, Gomez et al 38 and Olgac et al 39 reported that most patients presented with high-grade disease, with only 23 and 29% of their patients, respectively, having low-grade disease. When the 1973 system was applied to the tumors in the current series, most of the papillary tumors were grades 2 and 3 tumors, and the majority of tumors that demonstrated invasion were grade 3 tumors (Tables 3 and 4) . That most invasive papillary carcinomas are high grade, as defined by either system, is not an unexpected finding, and is a feature the 1998 and 1973 systems share. What they do not have in common is an 'intermediate' grade 2 category, which is a feature of the 1973 system. A grading system for papillary carcinomas which is three-tiered with an 'intermediate' grade 2 category may not provide particularly useful information, as the significance of grade 2 papillary carcinomas is unclear. This group of tumors, as seen in the current series, is composed of a heterogeneous population of low-and high-grade tumors. This is demonstrated by the fact that 10 pTa, six pT1 and both pT3 grade 2 tumors were diagnosed as high grade by the 1998 criteria, while the remainder of the grade 2 tumors were low grade. An advantage of the 1998 WHO/ ISUP two-tiered grading system for papillary carcinomas is that it eliminates the categorization of tumors into an 'intermediate' group, thereby assisting to eliminate the greater heterogeneity inherent to grading schemes with more grade categories. Additionally, using the 1998 system allows for the identification of a group of cancers, namely lowgrade papillary carcinomas, that is associated with a very low frequency of invasion and when invasive, were found to invade no further than into the lamina propria in this study. Rarely, these low-grade tumors may be of higher stage (ZpT2). 38 Use of the 1973 grading system, in this series, did not appear to as reliably predict for a group of tumors that have a low risk of invasion.
Despite the difference in number of grading categories between the 1973 and 1998 systems, in this analysis, the grade of papillary urothelial carcinomas was shown to be associated with pathologic stage with both grading methods (Table  5) . Furthermore, a variety of other, different grading systems have been studied previously, and all showed that the grade of renal pelvic tumors correlates with survival. In their assessment of urothelial neoplasms of the kidney, Davis et al 19 reported 5-year survival rates of 100, 67 and 5% for grades 1, 2 and 3 tumors, respectively, while Nocks et al 18 found 5-year survival rates of 100, 90 and 23% for grades 1, 2 and 3 tumors. The patients in the series by Rubenstein et al 17 faired much worse with 5-year survival rates of 80, 33, 11 and 0% for grades 1-4 tumors, respectively. In these studies, the rates of survival for grade 2 tumors are drastically different (67 vs 90 vs 33%), which lends support to the contention that grade 2 tumors are a cytologically heterogeneous group. Therefore, if both the 1973 and 1998 classification schemes are significantly associated with tumor stage, does the newer (1998) classification scheme, when applied specifically to renal urothelial neoplasms, truly provide more meaningful information to the pathologist and urologist? The 1998 WHO/ ISUP classification scheme aimed to (1) provide greater uniformity for classifying urothelial lesions, especially papillary tumors and (2) it also intended to provide a method which more accurately classifies these papillary tumors according to their biologic behavior. The first objective can certainly be met regardless of the site of tumor as long as there is consistency among pathologists about using the system. The second objective is important because it assists in determining the likelihood of tumor recurrence and progression and, therefore, assists in planning future patient management. For tumors that occur in the bladder, the use of a system that better characterizes a tumor's biologic behavior is prudent, as initial therapy does not usually involve radical cystectomy. Unlike bladder tumors, however, in the upper tract neither the grade nor stage of renal urothelial neoplasms is assessed routinely prior to definitive therapy. These data have not traditionally played a significant role in determining initial therapy, which, in most cases, is radical nephroureterectomy. In the kidney, use of grading nomenclature, which, as accurately as possible, relays to the urologist/oncologist the likely biologic progression is unquestionably useful. Tumor stage will do that as well. The issue of tumor recurrence in the renal pelvic-calyceal system is not a concern when the entire organ is removed. If, however, treatment of these renal tumors moves in the direction of nephron-sparing therapy and begins to more closely approximate therapy for bladder tumors, then use of the newer (1998) system may be more advantageous than the 1973 system. Some investigators have suggested that select patients, in particular those with low grade, low-stage (pT1 or less) disease and a normal contralateral kidney, could be managed with nephron-sparing procedures because they have very good outcomes. 4, [40] [41] [42] [43] The 1998 grading system may be quite useful in these circumstances, as it appears to more clearly separate low-from high-grade tumors, and shows that lowgrade tumors are associated with a low risk of invasion.
In this series, use of the 1998 WHO/ISUP classification system for urothelial neoplasms revealed that urothelial papillomas and papillary urothelial neoplasms of low malignant potential are uncommon tumors in the kidney. Most renal pelvic neoplasms are papillary carcinomas and the majority of patients presented with 'superficial' disease (rpT1). Most papillary urothelial carcinomas of the renal pelvis are high grade and are more often invasive, and more often deeply invasive, than low-grade tumors. Low-grade papillary carcinomas account for only 34% of renal pelvic carcinomas, and the majority of these low-grade carcinomas are noninvasive. As such, the 1998 system selects for a group of tumors in which a low risk of invasion can be predicted. The criteria established for grading papillary carcinomas with the 1998 system eliminates the ambiguity of the heterogeneous 1973 WHO grade 2 category. Uniformity in terminology for urothelial neoplasms is necessary, regardless of the site of origin. Whether the new two-tiered system for grading papillary urothelial carcinomas offered by the 1998 classification scheme will prove to be more clinically advantageous for urothelial neoplasms of the kidney by more definitively segregating good and poor prognostic groups than the 1973 system requires further investigation.
